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(57) ABSTRACT

A vehicle mcludes a high voltage component such as an
clectric actuator, an electric suspension control ECU, a
battery, a signal line which transmits, to the electric suspen-
sion control ECU, a detection signal of a sensor disposed 1n
the electric actuator, a high voltage line which supplies a
high voltage from the battery to the electric actuator, and a
fixing member which fixes the signal line and the high
voltage line to a vehicle body, a length of the signal line from
the fixing member to the electric actuator 1s shorter than a
length of the high voltage line from the fixing member to the
clectric actuator, and the electric suspension control ECU
suppresses the supply of the high voltage to the electric
actuator, 1n a case where abnormality occurs in the signal
line.

6 Claims, 5 Drawing Sheets
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VEHICLE

INCORPORAITION BY REFERENCE

The present application claims priority under 35 U.S.C.
§ 119 to Japanese Patent Application No. 2021-049773 filed

on Mar. 24, 2021. The content of the application i1s incor-
porated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a vehicle.

Description of the Related Art

Heretofore, a technology concerming an electric suspen-
s10n apparatus mounted 1n a vehicle and driven with a motor
has been known.

For example, i an electric suspension apparatus
described 1n Japanese Patent Laid-Open No. 2012-131395,
an output voltage (motor drive voltage) of a transformer
such as a DC/DC converter which transforms power sup-
plied to a motor of an electric actuator 1s increased as high
as possible 1n a range of a predetermined voltage (e.g., 48 V)
or less, based on laws and regulations.

In an electric suspension apparatus described 1n Japanese
Patent Laid-Open No. 2012-131395, 1in a case of using a
three-phase AC brushless motor, a three-phase AC unit 1s
classified as a high voltage with AC 30 V or more. Also, for
ensuring safety of the high voltage during collision of a
vehicle, 1t 1s necessary to ensure safety of the AC unit, which
1s not described 1n Japanese Patent Laid-Open No. 2012-
131395.

The present invention 1s intended to improve safety of a
high voltage component of an electric suspension apparatus
or the like mounted 1n a vehicle.

SUMMARY OF THE INVENTION

An aspect of the present invention 1s a vehicle including
a high voltage component, a control device, a power source
device, a signal line which transmuits, to the control device,
a detection signal of a sensor disposed 1n the high voltage
component, a high voltage line which supplies a high
voltage from the power source device to the high voltage
component, and a {ixing member which fixes the signal line
and the high voltage line to a vehicle body, a length of the
signal line from the fixing member to the high voltage
component 1s shorter than a length of the high voltage line
from the fixing member to the high voltage component, and
the control device suppresses the supply of the high voltage
to the high voltage component, 1n a case where abnormality
occurs 1n the signal line.

According to another aspect of the present invention, the
above vehicle further includes a low voltage line which
supplies a low voltage from the power source device to the
high voltage component, the fixing member fixes the low
voltage line to the vehicle body, a length of the low voltage
line from the fixing member to the high voltage component
1s shorter than a length of the high voltage line from the
fixing member to the high voltage component, and the
control device suppresses the supply of the high voltage to
the high voltage component, 1n a case where abnormality
occurs 1n the low voltage line.
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According to still another aspect of the present invention,
in the above vehicle, the high voltage component includes an
clectric actuator driven with a motor 1n an electric suspen-
s10n apparatus.

According to a further aspect of the present invention, 1n
the above vehicle, the sensor includes at least one of a
rotation angle sensor which detects a rotation angle of the
motor, a stroke sensor which detects a stroke of the electric
actuator, and an acceleration sensor which detects an accel-
eration applied to the electric actuator.

According to a further aspect of the present invention, 1n
the above vehicle, the signal line 1s disposed in a forward
direction of the vehicle body compared with the high voltage
line.

According to a still further aspect of the present invention,
in the vehicle, the high voltage line 1s disposed 1nside the
vehicle body compared with the signal line.

According to an aspect of the present invention, safety of
a high voltage component of an electric suspension appara-
tus or the like mounted 1n a vehicle can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing an example of
arrangement ol an electric suspension apparatus;

FIG. 2 1s a diagram showing an example of a configura-
tion of the electric suspension apparatus;

FIG. 3 1s a diagram showing an example of a configura-
tion of an inverter;

FIG. 4 1s a plan view showing an example of a wiring
structure of a high voltage line, a signal line, and a low
voltage line; and

FIG. 5 1s a flowchart showing an example of processing
of a control ECU.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

Hereinatter, an embodiment of the present invention will
be described with reference to the drawings.

1. Configuration of Electric Suspension Apparatus

FIG. 1 1s a perspective view showing an example of
arrangement of an electric suspension apparatus 10. FIG. 2
1s a diagram showing an example of a configuration of the
clectric suspension apparatus 10.

Description will be made as to the electric suspension
apparatus 10 with reference to FIGS. 1 and 2.

As shown 1n FIG. 1, a vehicle 1 includes a vehicle body
BD, four wheels TRs, and the electric suspension apparatus
10. The electric suspension apparatus 10 includes an electric
actuator 12, and an electric suspension control ECU 20.

The electric actuator 12 includes a first electric actuator
12A, a second electric actuator 12B, a third electric actuator
12C, and a fourth electric actuator 12D. The first electric
actuator 12A 1s disposed between the vehicle body BD and
a right front wheel. The second electric actuator 12B 1s
disposed between the vehicle body BD and a left front
wheel. The third electric actuator 12C 1s disposed between
the vehicle body BD and a right rear wheel. The fourth
clectric actuator 12D 1s disposed between the vehicle body
BD and a left rear wheel.

The electric suspension control electronic control unit
(ECU) 20 controls each of the first electric actuator 12A to
the fourth electric actuator 12D. The electric suspension
control ECU 20 1s connected to each of the first electric
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actuator 12A to the fourth electric actuator 12D via a high
voltage line 13, a signal line 14, and a low voltage line 15.

The high voltage line 13 supplies power of a high voltage
VH from a battery 16 shown in FIG. 2 to each of the first
clectric actuator 12A to the fourth electric actuator 12D. The
power ol the high voltage VH 1s for use 1n driving a motor

46 shown 1n FIG. 2. The high voltage VH 1s, for example,
AC 48 V.

The signal line 14 transmits detection signals of a sensor
S1 to a sensor S4 shown 1n FIG. 2 to the electric suspension
control ECU 20.

Description will be made as to the sensor S1 to the sensor

S4 with reference to FIG. 2.
The low voltage line 15 supplies power of a low voltage

VL from the battery 16 shown 1n FIG. 2 to each of the first
clectric actuator 12A to the fourth electric actuator 12D. The
power of the low voltage 1s for use 1n actuating the sensor
S1 to the sensor S4 shown 1n FIG. 2. The low voltage VL 1s,

for example, DC 5 V.
The battery 16 corresponds to an example of “a power

source device”.

In the following description, the electric suspension con-
trol ECU 20 may be described as the control ECU 20 for
convenience.

The first electric actuator 12A to the fourth electric
actuator 12D include about the same configuration, and
hence 1n a case where each of the first electric actuator 12A
to the fourth electric actuator 12D 1s not distinguished, each
of the first electric actuator 12A to the fourth electric
actuator 12D may be described below simply as the electric
actuator 12.

Next, description will be made as to a configuration of the
clectric actuator 12 with reference to FIG. 2.

The electric actuator 12 corresponds to an example of “a
high voltage component™.

As shown 1n FIG. 2, the electric actuator 12 includes a
coupling part 30, an mner tube 32 and a nut 34 as members
on a wheel TR side. Also, the electric actuator 12 includes
an outer tube 40, a screw shait 42, a bearing 44, and the
motor 46 as members on a vehicle body BD side. The outer
tube 40, the bearing 44 and the motor 46 are fixed to a
chassis 48 disposed 1n a lower part of the vehicle body BD.

Description will be made as to a configuration of the
motor 46 with reference to FIG. 3.

The screw shatt 42 1s supported by the bearing 44 and the
nut 34. The nut 34 has an inner surface screwed into a screw
groove formed 1n an outer surface of the screw shait 42 via
a bearing.

When the motor 46 rotates the screw shaft 42, the nut 34
1s moved 1n an up-down direction. When moving the nut 34
downward, the inner tube 32 1s moved downward. When
moving the nut 34 upward, the iner tube 32 1s moved
upward.

Consequently, a position of the inner tube 32 in the
up-down direction to the outer tube 40 fixed to the chassis
48 of the vehicle body BD can be adjusted.

The coupling part 30 1s fixed to a knuckle (not shown) of
the suspension apparatus, and 1s accordingly coupled to the
wheel TR. When mputting vibration from the wheel TR side
into the coupling part 30 and applying, for example, an
upward acceleration o to the coupling part 30, the inner tube
32 and the nut 34 are raised integrally with the outer tube 40.
In this case, the motor 46 rotates the screw shatft 42 to move
the mner tube 32 in a direction to absorb the upward
acceleration a, 1.e., 1n an upward direction, so that vibration
from the wheel TR to the vehicle body BD can be attenuated.
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In the electric actuator 12, an acceleration sensor S1, a
stroke sensor S2, a rotation angle sensor S3 and a voltage
sensor S4 are arranged.

The acceleration sensor S1 1s fixed to, for example, an
outer circumierential surface of the inner tube 32, to detect
the acceleration o applied from the wheel TR side to the
coupling part 30.

The stroke sensor S2 1s disposed at a position facing the
screw shaft 42 of the inner tube 32, to detect a stroke ST
indicating a downward moving amount of the nut 34. The
stroke sensor S2 1s composed of a distance measurement
sensor or the like.

The rotation angle sensor S3 1s composed of a so-called
resolver, Hall element or the like, to detect a rotation angle
0 of the motor 46.

The voltage sensor S4 detects a voltage V applied to the
motor 46. In a state where the motor 46 1s driven with the
power from the battery 16, the voltage V indicates the high
voltage VH supplied from the battery 16 through the high
voltage line 13.

The acceleration a., the stroke ST, the rotation angle 0 and
the voltage V are outputted to the control ECU 20.

Each of the acceleration sensor S1, the stroke sensor S2,
the rotation angle sensor S3 and the voltage sensor S4
corresponds to an example of “a sensor”.

[T]

lectric Suspension Control
ECU

2. Configuration of .

The control ECU 20 controls the motor 46 through an
inverter 22, based on detection results of the acceleration
sensor S1, the stroke sensor S2, the rotation angle sensor S3
and the voltage sensor S4.

Description will be made as to a configuration of the
inverter 22 with reference to FIG. 3.

The control ECU 20 includes a memory 21A and a
processor 21B.

The memory 21A 1s a storage device which stores, 1 a
nonvolatile manner, a program to be executed by the pro-
cessor 21B and data. The memory 21A 1s composed of a
magnetic storage device, a semiconductor storage element
such as a flash read only memory (ROM), or another type of
nonvolatile storage device. Also, the memory 21A may
include a random-access memory (RAM) included 1n a work
area of the processor 21B. The memory 21A stores data to
be processed by the control ECU 20, and a control program
to be executed by the processor 21B.

The electric suspension control ECU 20 corresponds to an
example of “a control device”.

The processor 21B may be composed of a single proces-
sor, or a plurality of processors which function as the
processor 21B. The processor 21B executes the control
program to control each part of the electric suspension
apparatus 10.

The control ECU 20 includes an abnormality determina-
tion unit 211 and a suppression instruction unit 212. Spe-
cifically, the processor 21B of the control ECU 20 executes
a control program, to function as the abnormality determi-
nation unit 211 and the suppression instruction unit 212.

The abnormality determination unit 211 determines
whether abnormality occurs in the signal line 14. The
abnormality determination unit 211 determines that the
abnormality occurs 1n the signal line 14, for example, 1n a
case where a S/N ratio 1s equal to or less than a predeter-
mined S/N ratio. Also, the abnormality determination unit
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211 determines that the abnormality occurs 1n the signal line
14, for example, 1n a case where disconnection occurs in the

signal line 14.

As will be described with reference to FIG. 4, the signal
line 14 includes a first signal line 141 to a fourth signal line
144. The abnormality determination unit 211 determines
whether abnormality occurs 1n one of the first signal line 141
to the fourth signal line 144.

The abnormality determination umt 211 determines
whether abnormality occurs 1n the low voltage line 15. The
abnormality determination unit 211 determines that the
abnormality occurs in the low voltage line 15, for example,
in a case where disconnection occurs 1n the low voltage line
15.

Depending on determination result of the abnormality
determination unit 211, the suppression instruction unit 212
suppresses supply of power of the high voltage VH to the
motor 46 of each of the first electric actuator 12A to the
tourth electric actuator 12D.

Specifically, in a case where the abnormality determina-
tion unit 211 determines that abnormality occurs 1n at least
one of the signal line 14 and the low voltage line 15, the
suppression struction unit 212 executes processing as
follows. Specifically, the suppression instruction unit 212,
for example, fixes the inverter 22 1n an ofl state to a drive
circuit 24, to stop the supply of the power of the high voltage
VH to the motor 46.

Description will be made as to the drive circuit 24 and the
inverter 22 with reference to FIG. 3.

3. Configuration of Inverter

As shown i FIGS. 2 and 3, the control ECU 20 controls
the mverter 22 through the drive circuit 24. The control ECU
20 controls a rotation direction and a rotation speed of the
motor 46 through the inverter 22. Also, the control ECU 20
stops the supply of the power of the high voltage VH to the
motor 46, for example, by fixing the mverter 22 1n the off
state. Alternatively, a relay may be provided on a power
source line of the mverter 22 and the boosting circuit 26, and
the control ECU 20 may stop the supply of the power of the
high voltage VH to the motor 46 by cutting ofl the relay.

FIG. 3 1s a diagram showing an example of a configura-
tion of the inverter 22.

The boosting circuit 26 1s disposed between the battery 16
and the inverter 22. The boosting circuit 26 boosts a voltage
supplied from the battery 16, and supplies power of the high
voltage VH to the inverter 22. The voltage supplied from the
battery 16 1s, for example, 48 V.

As shown 1n FIG. 3, the inverter 22 includes a metal-
oxide-semiconductor field eflect transistor (MOSFET)
22U1, a MOSFET 2202, a MOSFET 22V1, a MOSFET
22V2, a MOSFET 22W1, and a MOSFET 22W2. Each of
these six MOSFETs turns on and off based on an 1instruction
from the control ECU 20.

The motor 46 1s, for example, a three-phase AC brushless
motor, and includes three motor coils 50u«, 50v, and 50w as
shown 1n FIG. 3.

The motor 46 rotationally drives the screw shait 42 shown
in FIG. 2 with the power supplied from the battery 16
through the mverter 22.

For example, upon recerving an instruction to stop supply
of the high voltage VH to the motor 46 from the suppression
instruction unit 212, the drive circuit 24 fixes, 1n an off state,
three MOSFETs on a plus side, that 1s, the MOSFET 22U1,
the MOSFET 22V1 and the MOSFET 22W1. By {ixing the
MOSFET 22U1, the MOSFET 22V1, and the MOSFET
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22W1 1n the off state, power lines 64u, 64v, and 64w are
released from the boosting circuit 26. As a result, application

of the high voltage VH to the motor coils 50u, 30v, and 50w
of the motor 46 1s stopped.

4. Wiring Structure

Next, description will be made as to a wiring structure
with reference to FIG. 4.

FIG. 4 1s a plan view showing an example of the wiring
structure of the high voltage line 13, the signal line 14, and
the low voltage line 15. FIG. 4 depicts a front left part of the
vehicle body BD, and description will be made as to the
second electric actuator 12B as an example of the first
clectric actuator 12A to the fourth electric actuator 12D.

A direction D1 indicates a front-rear direction of the
vehicle body BD. A positive direction of the direction D1
indicates a forward direction of the vehicle body BD. A
direction D2 indicates a left-right direction of the vehicle
body BD. A positive direction of the direction D2 indicates
a leftward direction of the vehicle body BD.

As shown 1n FIG. 4, the signal line 14 1s composed of the
first signal line 141, a second signal line 142, a third signal
line 143, and the fourth signal line 144.

The first signal line 141 transmits a signal indicating the
acceleration a detected by the acceleration sensor S1 to the
control ECU 20. The second signal line 142 transmits a
signal indicating the stroke ST detected by the stroke sensor
S2 to the control ECU 20. The third signal line 143 trans-
mits, to the control ECU 20, a signal indicating the rotation
angle 0 of the motor 46 which 1s detected by the rotation
angle sensor S3. The fourth signal line 144 detects the
voltage V applied to the motor 46 and detected by the
voltage sensor S4.

As shown 1n FIG. 4, each of the first signal line 141 to the
fourth signal line 144 extends from the second electric
actuator 12B to the right of the vehicle body BD (in a
negative direction of the direction D2), and extends to the
rear of the vehicle body BD (in a negative direction of the
direction D1) in front of a center line of the vehicle body
BD.

The low voltage line 15 1s disposed along the signal line
14.

In a region where the signal line 14 extends to the right of
the vehicle body BD (in the negative direction of the
direction D2), the first signal line 141, the second signal line
142, the third signal line 143, the fourth signal line 144 and
the low voltage line 15 are arranged in this order toward the
rear of the vehicle body BD (in the negative direction of the
direction D1).

Also, 1n a region where the signal line 14 extends to the
rear of the vehicle body BD (1in the negative direction of the
direction D1), the first signal line 141, the second signal line
142, the third signal line 143, the fourth signal line 144 and
the low voltage line 15 are arranged 1n this order toward the
right of the vehicle body BD (1in the negative direction of the
direction D2).

The high voltage line 13 1s composed of a first high
voltage line 131, a second high voltage line 132, and a third
high voltage line 133. The first high voltage line 131 1s
connected to the power line 64« shown in FIG. 3. The
second high voltage line 132 is connected to the power line
64v shown in FIG. 3. The third high voltage line 133 1s
connected to the power line 64w shown 1n FIG. 3.

As shown 1n FIG. 4, each of the first high voltage line 131
to the third high voltage line 133 extends from the second
clectric actuator 12B to the right of the vehicle body BD (in
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the negative direction of the direction D2), and extends to
the rear of the vehicle body BD (in the negative direction of
the direction D1) in front of the center line of the vehicle
body BD.

In a region where the high voltage line 13 extends to the
right of the vehicle body BD (in the negative direction of the
direction D2), the first high voltage line 131, the second high
voltage line 132 and the third high voltage line 133 are

arranged 1n this order toward the rear of the vehicle body BD

(in the negative direction of the direction D1).

Note that 1n the region where the high voltage line 13
extends to the right of the vehicle body BD (1in the negative
direction of the direction D2), the first signal line 141 to the
fourth signal line 144 and the low voltage line 15 are
arranged 1n a forward direction of the vehicle body BD (in
the positive direction of the direction D1) compared with the
first high voltage line 131 to the third high voltage line 133.
In other words, the signal line 14 and the low voltage line 135
are arranged 1n the forward direction of the vehicle body BD
compared with the high voltage line 13.

Also, 1n a region where the high voltage line 13 extends
to the rear of the vehicle body BD (1in the negative direction
of the direction D1), the first high voltage line 131, the
second high voltage line 132 and the third high voltage line
133 are arranged in this order toward the left of the vehicle
body BD (1in the positive direction of the direction D2).

Note that 1n the region extending to the rear of the vehicle
body BD (in the negative direction of the direction D1), the
first high voltage line 131, the second high voltage line 132
and the third high voltage line 133 are arranged on the right
of the vehicle body BD (in the negative direction of the
direction D2) compared with the first signal line 141 to the
tourth signal line 144 and the low voltage line 15. In other
words, the high voltage line 13 1s disposed inside the vehicle
body BD compared with the signal line 14 and the low
voltage line 15.

Further, 1n a region where the high voltage line 13, the
signal line 14 and the low voltage line 15 extend to the right
of the vehicle body BD (in the negative direction of the
direction D2), a fixing member FW 1s disposed. The fixing
member FW fixes the high voltage line 13, the signal line 14,
and the low voltage line 15 to the vehicle body BD, which
1s, for example, a cable clip.

Between the fixing member FW and the second electric
actuator 12B, a bent part LC 1s formed 1n each of the first
high voltage hne 131 to the third high voltage line 133. In
the bent part LC, each of the first high voltage line 131 to the
third high voltage line 133 1s bent and disposed.

In other words, the high voltage line 13, the signal line 14
and the low voltage line 135 are arranged in the vehicle body
BD 1n such a manner that a length of each of the signal line
14 and the low voltage line 15 from the fixing member FW
to the second electric actuator 12B 1s shorter than a length
of the high voltage line 13 from the fixing member FW to the
second electric actuator 12B.

As described with reference to FIG. 4, the high voltage
line 13, the signal line 14 and the low voltage line 15 are
arranged 1n the vehicle body BD 1n such a manner that the
length of each of the signal line 14 and the low voltage line
15 from the fixing member FW to the second electric
actuator 12B 1s shorter than the length of the high voltage
line 13 from the fixing member FW to the second electric
actuator 12B. Therefore, each of the signal line 14 and the
low voltage line 15 is easier to disconnect than the high
voltage line 13. Then, 1n a case where the abnormality
determination unit 211 detects disconnection of at least one

of the signal line 14 and the low voltage line 15, the
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suppression instruction unit 212 can stop the supply of the
power of the high voltage VH to the motor 46 of each of the

first electric actuator 12A to the fourth electric actuator 12D.

Also, as described with reference to FIG. 4, the signal line
14 and the low voltage line 15 are arranged 1n the forward
direction of the vehicle body BD compared with the high
voltage line 13, and hence 1n a case where a front part of the
vehicle body BD collides with another vehicle or the like,
the signal line 14 and the low voltage line 15 disconnect
before the high voltage line 13. Then, in a case where the
abnormality determination unit 211 detects the disconnec-
tion of at least one of the signal line 14 and the low voltage
line 15, the suppression instruction unit 212 can stop the
supply of the power of the high voltage VH to the motor 46
ol each of the first electric actuator 12 A to the fourth electric
actuator 12D. Therefore, safety of the electric suspension
apparatus 10 can be improved.

Also, as described with reference to FIG. 4, the signal line
14 and the low voltage line 15 are arranged inside the
vehicle body BD compared with the high voltage line 13,
and hence 1n a case where a left part of the vehicle body BD
collides with the other vehicle or the like, the signal line 14
and the low voltage line 15 disconnect before the high
voltage line 13. Then, mn a case where the abnormality
determination unit 211 detects the disconnection in at least
one of the signal line 14 and the low voltage line 15, the
suppression mstruction unit 212 can stop the supply of the
power of the high voltage VH to the motor 46 of each of the
first electric actuator 12 A to the fourth electric actuator 12D.
Theretore, the satety of the electric suspension apparatus 10
can be improved.

ECU

5. Processing of Control

FIG. 5 1s a flowchart showing an example of processing
of the electric suspension control ECU 20.

First, 1n step S101, the abnormality determination unit 211
determines whether abnormality occurs in the signal line 14.
The abnormality determination unit 211 determines, for
example, whether the signal line 14 disconnects.

In a case where the abnormality determination unit 211
determines that the abnormality occurs 1n the signal line 14
(YES 1n step S101), the processing advances to step S105.
In a case where the abnormality determination unit 211
determines that the abnormality does not occur in the signal
line 14 (NO 1n step S101), the processing advances to step
S103.

Then, 1n the step S103, the abnormality determination unit
211 determines whether abnormality occurs in the low
voltage line 15. The abnormality determination unit 211
determines, for example, whether the low voltage line 15
disconnects.

In a case where the abnormality determination unit 211
determines that the abnormality does not occur 1n the low
voltage line 15 (NO 1n step S103), the processing returns to
the step S101. In a case where the abnormality determination
umt 211 determines that the abnormality occurs 1n the low
voltage line 15 (YES 1n step S103), the processing advances
to the step S103.

Then, 1n the step S105, the suppression nstruction unit
212 suppresses the supply of the power of the high voltage
VH to the motor 46 of each of the first electric actuator 12A
to the fourth electric actuator 12D. For example, the sup-
pression 1nstruction unit 212 stops the supply of the power
of the high voltage VH to the motor 46 of each of the first
clectric actuator 12A to the fourth electric actuator 12D.
Afterward, the processing ends.
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As described with reference to FIG. 5, 1n a case where the
abnormality occurs 1n at least one of the signal line 14 and
the low voltage line 15, the suppression instruction umit

suppresses the supply of the power of the high voltage VH
to the motor 46 of each of the first electric actuator 12A to

the fourth electric actuator 12D. Consequently, the safety of
the electric suspension apparatus 10 can be improved.

6. Configurations and Effects

As described above, a vehicle 1 according to the present
embodiment includes a high voltage component such as an
clectric actuator 12, an electric suspension control ECU 20,
a battery 16, a signal line 14 which transmits, to the electric
suspension control ECU 20, a detection signal of a sensor
disposed 1n the electric actuator 12, a high voltage line 13
which supplies a high voltage VH from the battery 16 to the
high voltage component (electric actuator 12), and a fixing
member FW which fixes the signal line 14 and the high
voltage line 13 to a vehicle body BD, a length of the signal
line 14 from the fixing member FW to the high voltage
component (electric actuator 12) 1s shorter than a length of
the high voltage line 13 from the fixing member FW to the
high voltage component (electric actuator 12), and the
clectric suspension control ECU 20 suppresses the supply of
the high voltage VH to the high voltage component (electric
actuator 12), 1n a case where abnormality occurs in the
signal line 14.

According to this configuration, the length of the signal
line 14 from the fixing member FW to the high voltage
component (electric actuator 12) 1s shorter than the length of
the high voltage line 13 from the fixing member FW to the
high voltage component (electric actuator 12), and hence the
signal line 14 1s easier to disconnect than the high voltage
line 13. Also, the electric suspension control ECU 20
suppresses the supply of the high voltage VH to the high
voltage component (electric actuator 12), 1n the case where
the abnormality occurs 1n the signal line 14, so that safety of
the high voltage component (electric actuator 12) can be
improved.

Also, the vehicle further includes a low voltage line 15
which supplies a low voltage VL from the battery 16 to the
high voltage component (electric actuator 12), the fixing
member FW fixes the low voltage line 15 to the vehicle body
BD, a length of the low voltage line 15 from the fixing
member FW to the high voltage component (electric actua-
tor 12) 1s shorter than a length of the high voltage line 13
from the fixing member FW to the high voltage component
(electric actuator 12), and the electric suspension control
ECU 20 suppresses the supply of the high voltage VH to the
high voltage component (electric actuator 12), in the case
where abnormality occurs in the low voltage line 15.

According to this configuration, the length of the low
voltage line 15 from the fixing member FW to the high
voltage component (electric actuator 12) 1s shorter than the
length of the high voltage line 13 from the fixing member
FW to the high voltage component (electric actuator 12), and
hence the low voltage line 15 1s easier to disconnect than the
high voltage line 13. Also, the electric suspension control
ECU 20 suppresses the supply of the high voltage VH to the
high voltage component (electric actuator 12), in a case
where the abnormality occurs in the low voltage line 15, so
that the safety of the high voltage component (electric
actuator 12) can be improved.

Also, the high voltage component includes an electric
actuator 12 driven with a motor 46 1n an electric suspension
apparatus 10.
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According to this configuration, the supply of the high
voltage VH to the electric actuator 12 1s suppressed, so that

satety of the electric actuator 12 can be improved.

Further, the sensor includes at least one of a rotation angle
sensor S3 which detects a rotation angle 0 of the motor 46,
a stroke sensor S2 which detects a stroke ST of the electric
actuator 12, and an acceleration sensor S1 which detects an
acceleration o applied to the electric actuator 12.

According to this configuration, the signal line 14 trans-
mits, to the electric suspension control ECU 20, a detection
signal of at least one sensor of the rotation angle sensor S3,
the stroke sensor S2 and the acceleration sensor S1. There-
fore, 1n a case where abnormality occurs 1in the signal line
14, the supply of the high voltage VH to the electric actuator
12 1s suppressed, so that the safety of the electric actuator 12
can be improved.

Also, the signal line 14 1s disposed 1n a forward direction
of the vehicle body BD compared with the high voltage line
13, as shown 1n FIG. 4.

Therefore, for example, 1n a case where a front part of the
vehicle body BD collides with another vehicle or the like,
the signal line 14 disconnects belfore the high voltage line
13. Then, 1n a case where the disconnection of the signal line
14 1s detected, the supply of the power of the high voltage
VH to the electric actuator 12 can be stopped. Therefore,
safety of the electric suspension apparatus 10 can be
improved.

Further, the high voltage line 13 1s disposed inside the
vehicle body BD compared with the signal line 14 as shown
in FIG. 4.

Therefore, for example, 1n a case where a left part of the
vehicle body BD collides with the other vehicle or the like,
the signal line 14 disconnects before the high voltage line
13. Then, 1n a case where the disconnection of the signal line
14 1s detected, the supply of the high voltage VH to the
clectric actuator 12 can be stopped. Therefore, the safety of
the electric suspension apparatus 10 can be improved.

7. Another Embodiment

Note that the present invention 1s not limited to the above
configuration of the embodiment, and the 1invention can be
implemented 1n various aspects without departing from the
scope of the invention.

For example, the above embodiment describes, but 1s not
limited to the case where “the high voltage component™ 1s
the electric actuator 12. ““The high voltage component” may
be, for example, one of an m-wheel motor, an air condi-
tioner, a running motor, and an electric stabilizer.

Also, the above embodiment describes, but 1s not limited
to the case where “the power source device” 1s the battery
16. “The power source device” may be a power generator
such as an alternator.

Additionally, the above embodiment describes, but 1s not
limited to the case where the electric suspension apparatus
10 1includes the first electric actuator 12A to the fourth
clectric actuator 12D. For example, the electric suspension
apparatus 10 may include the third electric actuator 12C and
the fourth electric actuator 12D, and the apparatus does not
have to include the first electric actuator 12A and the second
clectric actuator 12B. Conversely, the electric suspension
apparatus 10 may include the first electric actuator 12A and
the second electric actuator 12B, and the apparatus does not
have to include the third electric actuator 12C and the fourth
electric actuator 12D.

Further, the above embodiment describes, but i1s not
limited to the case where the suppression instruction unit
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212 fixes the inverter 22 1n the off state, to release the motor
46. For example, the electric suspension apparatus 10 may

include a release circuit which releases the motor 46, and the
suppression instruction unit 212 may release the motor 46
through the release circuit. Alternatively, a relay may be
provided on a power source line of the inverter 22 and the
boosting circuit 26, and the suppression mstruction unit 212
may stop the power supply to the motor 46 by cutting oil the
relay.

At least part of the respective functional blocks shown 1n
FIG. 2 may be achieved in hardware, or in hardware and
software, and 1s not limited to a configuration to arrange
independent hardware resources as shown 1n the drawing.

The control program executed by the processor 21B of the
clectric suspension control ECU 20 of the electric suspen-
sion apparatus 10 i1s stored in the memory 21A, but the
control program may be stored in an external HDD or the
like.

The processing units shown 1n the tlowchart of FIG. 3 are
divided depending on main processing content, to facilitate
understanding of the processing of the electric suspension
control ECU 20 of the electric suspension apparatus 10. The
embodiment 1s not limited by a dividing method or name of
the processing unit shown 1n the flowchart of FIG. 5. The
processing of the electric suspension control ECU 20 may be
divided mto much more processing units depending on
processing content, and one processing unit may be divided
to include further processing. The above processing order in
the flowchart 1s not limited to the shown example.

A control method of the electric suspension control ECU
20 can be achieved by allowing the processor 21B of the
clectric suspension control ECU 20 to execute a control
program corresponding to the control method of the electric
suspension control ECU 20. The control program can be
recorded 1n advance 1 a computer readable recording
medium. As the recording medium, a magnetic or optical
recording medium or a semiconductor memory device may
be used. Specifically, examples of the recording medium
include a portable recording medium such as a flexible disk,
a compact disk read only memory (CD-ROM), a digital
versatile disc (DVD), Blue-ray (registered trademark) disc,
a magneto-optic disk, a flash memory, or a card recording
medium, and a fixed recording medium. The recording
medium may be a nonvolatile storage device such as RAM,
ROM, HDD, or another internal storage device included 1n
the electric suspension apparatus 10. The control method of
the electric suspension control ECU 20 may be achieved by
storing the control program corresponding to the control
method of the electric suspension control ECU 20 1n a server
device or the like, and by downloading the control program

from the server device to the electric suspension control
ECU 20.

8. Configurations Supported by the Above
Embodiment

The above embodiment supports the following configu-
rations.
(Configuration 1)

A vehicle including a high voltage component, a control
device, a power source device, a signal line which transmuts,
to the control device, a detection signal of a sensor disposed
in the high voltage component, a high voltage line which
supplies a high voltage from the power source device to the
high voltage component, and a fixing member which fixes
the signal line and the high voltage line to a vehicle body,
wherein a length of the signal line from the fixing member
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to the high voltage component 1s shorter than a length of the
high voltage line from the fixing member to the high voltage
component, and the control device suppresses the supply of
the high voltage to the high voltage component, 1n a case
where abnormality occurs in the signal line.

According to the vehicle of configuration 1, the length of
the signal line from the fixing member to the high voltage
component 1s shorter than the length of the high voltage line
from the fixing member to the high voltage component, and
hence the signal line i1s easier to disconnect than the high
voltage line. Also, the control device suppresses the supply
of the high voltage to the high voltage component, 1n the
case where the abnormality occurs 1n the signal line, so that
safety of the high voltage component can be improved.
(Configuration 2)

The vehicle according to configuration 1 further includes
a low voltage line which supplies a low voltage from the
power source device to the high voltage component, wherein
the fixing member fixes the low voltage line to the vehicle
body, a length of the low voltage line from the fixing
member to the high voltage component 1s shorter than a
length of the high voltage line from the fixing member to the
high voltage component, and the control device suppresses
the supply of the high voltage to the high voltage compo-
nent, 1n a case where abnormality occurs in the low voltage
line.

According to the vehicle of configuration 2, the length of
the low voltage line from the fixing member to the high
voltage component i1s shorter than the length of the high
voltage line from the fixing member to the high voltage
component, and hence the low voltage line 1s easier to
disconnect than the high voltage line. Also, the control
device suppresses the supply of the high voltage to the high
voltage component, i the case where the abnormality
occurs 1n the low voltage line, so that the safety of the high
voltage component can be improved.

(Configuration 3)

The vehicle according to configuration 1 or 2, wherein the
high voltage component includes an electric actuator driven
with a motor 1n an electric suspension apparatus.

According to the vehicle of configuration 3, the supply of
the high voltage to the electric actuator 1s suppressed, so that
safety of the electric actuator can be improved.
(Configuration 4)

The vehicle of configuration 3, wherein the sensor
includes at least one of a rotation angle sensor which detects
a rotation angle of the motor, a stroke sensor which detects
a stroke of the electric actuator, and an acceleration sensor
which detects an acceleration applied to the electric actuator.

According to the vehicle of configuration 4, the signal line
transmits, to control device, a detection signal of at least one
sensor of the rotation angle sensor, the stroke sensor, and the
acceleration sensor. Therefore, 1n a case where abnormality
occurs 1n the signal line, the supply of the high voltage to the
clectric actuator 1s suppressed, so that the safety of the
clectric actuator can be improved.

(Configuration 5)

The vehicle according to any one of configurations 1 to 4,
wherein the signal line 1s disposed 1n a forward direction of
the vehicle body compared with the high voltage line.

According to the vehicle of configuration 5, for example,
in a case where a left part of the vehicle body collides with
another vehicle or the like, the signal line disconnects before
the high voltage line. Then, in a case where the disconnec-
tion of the signal line 1s detected, the supply of the high
voltage to the high voltage component 1s suppressed, so that
satety of the high voltage component can be improved.
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(Configuration 6)

The vehicle according to any one of configurations 1 to 5,
wherein the high voltage line 1s disposed inside the vehicle
body compared with the signal line.

According to the vehicle of configuration 6, for example,
in a case where the left part of the vehicle body collides with
the other vehicle or the like, the signal line disconnects
before the ligh voltage line. Then, in a case where the
disconnection of the signal line 1s detected, the supply of the
high voltage to the high voltage component can be sup-
pressed, so that the satety of the high voltage component can
be 1mproved.

REFERENCE SIGNS LIST

1 .. . vehicle, 10 . . . electric suspension apparatus,
12 . . . electric actuator (high voltage component), 12A . . .
first electric actuator, 12B . . . second electric actuator,
12C . . . third electric actuator, 12D . . . fourth electric
actuator, 13 . . . high voltage line, 131 first high voltage line,
132 second high voltage line, 133 third high voltage line,
14 . . . signal line, 141 first signal line, 142 second signal
line, 143 third signal line, 144 fourth signal line, 211
abnormality determination unit, 212 suppression instruction
unit, 15 . . . low voltage line, 16 . . . battery (power source
device), 20 . . . electric suspension control ECU (control
device), 21A ... memory, 21B . .. processor, 211 . . . voltage
determination unit, 212 . . . short circuit instruction unit,
22 . . . mverter, 22U1, 22U2, 22V1, 22V2, 22W1 and
22W2 ... MOSFET, 30 . .. coupling part, 32 . . . inner tube,
34 .. .nut, 40 . . . outer tube, 42 . . . screw shaft, 44 . . .
bearing, 46 . . . motor, 50u«, 50v and 50w . . . motor coil, 64,
64v and 64w . . . power line, BD . . . vehicle body, S1 . ..

acceleration sensor (sensor), S2 . . . stroke sensor (sensor),
S3 . . . rotation angle sensor (sensor), S4 . . . voltage sensor,
ST . . . stroke, TR . . . wheel, V . . . voltage, o . . .

acceleration, 0 . . . rotation angle

What 1s claimed 1s:

1. A vehicle comprising:

a high voltage component,

a control device,

a power source device,

a signal line which transmits, to the control device, a
detection signal of a sensor disposed 1n the high voltage
component,
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a high voltage line which supplies a high voltage from the
power source device to the high voltage component,
and

a fixing member which fixes the signal line and the high
voltage line to a vehicle body, wherein a length of the
signal line from the fixing member to the high voltage
component 1s shorter than a length of the high voltage
line from the fixing member to the high voltage com-
ponent, and

the control device suppresses the supply of the high
voltage to the high voltage component, in a case where
abnormality occurs 1n the signal line.

2. The vehicle according to claim 1, further comprising:

a low voltage line which supplies a low voltage from the
power source device to the high voltage component,

wherein the fixing member fixes the low voltage line to
the vehicle body,

a length of the low voltage line from the fixing member
to the high voltage component 1s shorter than a length
of the high voltage line from the fixing member to the
high voltage component, and

the control device suppresses the supply of the high

voltage to the high voltage component, 1n a case where
abnormality occurs in the low voltage line.

3. The vehicle according to claim 1, wherein the high
voltage component 1ncludes an electric actuator driven with
a motor 1n an electric suspension apparatus.

4. The vehicle according to claim 3, wherein the sensor
includes at least one of a rotation angle sensor which detects
a rotation angle of the motor, a stroke sensor which detects
a stroke of the electric actuator, and an acceleration sensor
which detects an acceleration applied to the electric actuator.

5. The vehicle according to claim 1, wherein the signal
line 1s disposed 1n a forward direction of the vehicle body
compared with the high voltage line.

6. The vehicle according to claim 1, wherein the high
voltage line 1s disposed inside the vehicle body compared

with the signal line.
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